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Thesis Summary
Over the past two years I have had the opportunity to work as a research assistant in the
Neurodevelopmental Disorders Lab at the University of South Carolina. I have worked on a few
projects, but studies on heart activity and play patterns as a means of identification of attentiondeficit/hyperactivity disorder (ADHD) in children with fragile X syndrome (FXS) has piqued my
interest.
FXS is an X-linked genetic disorder that results in developmental delays and cognitive
impairment. Due to sex-linkage, males with FXS present with a more severe phenotype and have
a 1 in 4,000 chance of being affected while females only have a 1 in 8,000 chance of being
affected. The FXS phenotype commonly presents with comorbid ADHD, which is characterized
by high activity, increased impulsivity, and attention difficulties. The impact of a comorbid
diagnosis of ADHD and FXS is far reaching, in that individuals with FXS and other comorbid
diagnoses, such as ADHD, show significantly poorer outcomes across all domains well into
adulthood. In FXS, an estimated 53-59% of males exhibit clinical symptoms of ADHD, a rate
that is significantly higher than what is seen in the general population. Despite these significantly
high rates, there is limited research about early behavioral and physiological indicators of ADHD
in FXS. Research on children with ADHD without comorbid FXS indicates that there is an
established link between heart activity and behavioral manifestations of overactivity. This
prospective, longitudinal study examined behavioral observation and heart activity data during a
free play task at 12 months of age in relation to parent-reported attention problems, a key facet of
ADHD, at school age. The project addressed the research topic through the following questions:
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1. Does play behavior, measured by the total number of toy switches and the total number
of novel toy switches, during a free play task differ among 12-month-old males with FXS
in comparison to 12-month-old TD males?
2. Does play behavior, measured by the total number of toy switches and the total number
of novel toy switches, during a free play task correlate with later ADHD-associated
attention problems in 12-month-old males with FXS?
3. Does heart activity, as indexed by RSA, during a free play task at 12 months of age
correlate with later ADHD-associated attention problems in either males with FXS or TD
males?
This project aims to elucidate early indicators of attention problems in children with FXS
that will help shed light on the underlying biobehavioral mechanisms of ADHD in FXS.
Identifying comorbid disorders, such as ADHD and FXS, early in development can lead to early
intervention; thus, mitigating the long-term and negative consequences of such disorders across
all domains of life.
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Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
(NDD) characterized by inattention and hyperactivity/impulsivity behaviors that interfere with
functioning and development and are inconsistent with developmental age (American Psychiatric
Association, 2013). ADHD is one of the most common psychiatric disorders, with an estimated
prevalence of 2-5.7% in young children and a male to female ratio of 5:1 (Chronis-Tuscano et
al., 2014; Lange et al., 2016). ADHD has been shown to impair social, academic, familial, and
occupational areas of life (Barkley, 2003). Children with ADHD show deficits in academic
performance and are more likely to require specialized education and services (Tandon &
Pergjika, 2017). Furthermore, children with ADHD are at a higher risk for social rejection from
their peers (Milich & Landau, 1982; Pelham & Bender, 1982).
The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
classifies ADHD into three subtypes: predominantly hyperactive-impulsive type, predominantly
inattentive type, and combined type (American Psychiatric Association, 2013). The most
common subtypes of ADHD in young children are hyperactive-impulsive and combined type
ADHD. The discrepancy between subtype prevalence may be due to the fact that younger
children are still developing their ability to sustain attention over time (Egger & Angold, 2006).
Research suggests that children with ADHD combined type show social deficits while children
with ADHD predominantly inattentive type show deficits in social performance and social
knowledge (Gadow, Sprafkin, & Nolan, 2001). Due to the differences in each ADHD subtype,
each subtype should be examined and treated individually (de Boo & Prins, 2007; Solanto, PopeBoyd, Tryon, & Stepak, 2009). The DSM-5 states that a child’s inattention and/or hyperactivityimpulsivity must be frequent, severe and persistent, and incomparable with developmental level
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to be considered a symptom of ADHD (American Psychiatric Association, 2013; Egger &
Angold, 2006). These parameters pose a challenge for clinically diagnosing preschoolers with
ADHD as it is difficult to differentiate between developmentally appropriate and clinically
significant inattention and impulsivity (Egger & Angold, 2006). Emerging research in ADHD
symptomology and intervention is helpful in sculpting future therapies to mitigate adverse
effects.
Fragile X syndrome (FXS) is an X-linked dominant genetic disorder and is the most
common inherited cause of intellectual disability (ID). Due to sex-linkage, 1 in 4,000 males have
FXS and express a more severe phenotype, while only 1 in 8,000 females have FXS (Crawford,
Acuña, Sherman, & Med, 2001). Clinical manifestations of FXS include cognitive, physical, and
behavioral abnormalities; however, the most clinically relevant phenotype is global
developmental delay and ID accompanied by psychomotor and learning disabilities (Alanay et
al., 2007; Mazzocco, 2000). The neuropsychological profile of FXS is complex, with 73% of
affected individuals exhibiting at least one comorbid disorder (Alanay et al., 2007). The most
frequently diagnosed comorbidities in children with FXS include anxiety disorders, aggression,
self-injury, sleep disorders, autism spectrum disorder (ASD), and ADHD (Bailey, Raspa,
Olmsted, & Holiday, 2008; Oakes et al., 2016; Talisa, Boyle, Crafa, & Kaufmann, 2014).
Children with FXS are at a disproportionately high risk for ADHD due to the
characteristic intellectual and cognitive deficits. An estimated 53-59% of males with FXS exhibit
clinical symptoms of ADHD, a rate that is significantly higher than what is seen in the general
population (Sullivan et al., 2006). Approximately 84% of males and 67% of females with FXS
exhibit clinically significant inattention and impulsivity, and 66% of males and 30% of females
exhibit increased hyperactivity (Bailey et al., 2008; Sullivan et al., 2006). ADHD symptoms in
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children with FXS predict social problems, and are as influential as intellectual level in affecting
social functioning (Chromik et al., 2015).
Play behavior in children may be an insightful measure of development that can be used
as an early marker of hyperactivity, impulsivity, and inattention in children with ADHD.
Uninterrupted, exploratory play facilitates problem-solving skills and cognitive development in
children as they use these interactions as a platform for social learning (Pierce-Jordan & Lifter,
2005; Sutton-Smith, 1997). Typically developing (TD) children sequentially progress from
indiscriminate toy manipulation during infancy to symbolic play later in childhood (Ungerer &
Sigman, 1984). The Piaget approach to play analysis describes infant play patterns as
indiscriminate, or random, due to their limited knowledge of various schemes, or cognitive
thought structures and organizations. Throughout development, children begin to show a more
evaluative approach to play as they begin to specifically apply various schemes to toys based on
different features of the toys. As actions become more coordinated, toy play also becomes more
symbolic as it reflects the child’s conceptual understanding of outside world (Belsky & Most,
1981). The cognitive challenges experienced by children with FXS impair their engagement in
productive, exploratory play, and inhibit them from experiencing the same emergence of play
patterns as seen in TD children (McDuffie et al., 2015). When compared at the same
chronological age, children with developmental delays produce fewer toy interactions, engage in
simpler play patterns, and express decreased novel toy interest compared to TD children (Lifter
et al., 2011; Thiemann-Bourque et al., 2012). The cognitive and behavioral deficits found in
child with FXS, namely hyperactivity, impulsivity, inattention, and repetitive behaviors, are
thought to impact play skills more than other developmental disabilities found in children
(McDuffie et al., 2015). Furthermore, children with comorbid FXS and ADHD have greater
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difficulty in meeting developmentally age-appropriate behaviors, such as play patterns, and the
frequency of toy play (i.e. total number of toy interactions) is less significant than the number of
novel toy switches (McDuffie et al., 2015). Even though Jerrold et al (1996) showed that
developmentally delayed children played with more toys overall, play diversity is a more robust
indicator of developmentally age appropriate behavior in children with FXS (Jarrold, Boucher, &
Smith, 1996; McDuffie et al., 2015).
In addition to play behavior, physiological markers, namely heart activity, may also serve
as a promising early marker of ADHD in children with FXS. ADHD is characterized by
emotional lability stemming from autonomic nervous system (ANS) dysfunction (McQuade &
Breaux, 2017; Porges, Doussard-Roosevelt, & Maiti, 1994). ANS function can be examined via
heart rate variability (HRV) measured with an electrocardiogram (ECG). HRV depicts
parasympathetic activity and is indicated by respiratory sinus arrhythmia (RSA). More
specifically, RSA measures vagal nerve input, commonly called vagal tone (Kuo et al., 1999;
Porges et al., 1994). People with ADHD exhibit autonomic hypoarousal and decreased
sympathetic and parasympathetic cardiac activity, quantified by decreased RSA. In an analysis of
cardiac activity by Wang et al. (2013), only males showed significant correlation between
ADHD behavior and HRV. Furthermore, males with ADHD displayed more external expressions
such as hyperactivity and impulsiveness while females with ADHD displayed more inattentive
symptoms (Hermens et al., 2004). Taken together, these results suggest that hypoarousal of the
sympathetic tone likely contributes to disruptive behavior tendencies seen in ADHD (Wang,
Huang, Kuo, Lee, & Yang, 2013). Examining heart rate activity as a potential early indicator of
ADHD is important because it is not influenced by rater bias as seen in other subjective
diagnostic measures (McQuade & Breaux, 2017). ADHD diagnoses is even more debilitating in
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individuals with comorbid developmental delays and ID; therefore, continued research is
necessary to fully understand children with comorbid FXS and ADHD.
There is an interesting interaction between ADHD and FXS in terms of heart activity.
ADHD is characterized by hypoarousal and FXS is characterized by hyperarousal, yet there are
significantly high rates of comorbidity of the two conditions (Bailey et al., 2008; Heilman et al.,
2012; Roberts, Hatton, & Bailey, 2001; Roberts, Tonnsen, Robinson, & Shinkareva, 2012;
Sullivan et al., 2006; Wang et al., 2013). Due to the contradictory physiological profile present in
children with FXS and children with ADHD, more research is needed to understand the
underlying biobehavioral mechanisms in children with these two comorbid disorders.
The Present Study
Children with comorbid FXS and ADHD show deficits in cognitive and social
functioning due to hyperactive, impulsive, and inattentive behaviors. These ADHD symptoms
have a significant impact on later outcomes for individuals with FXS (Chromik et al., 2015). As
such, early diagnoses and interventions have been proven to mitigate the adverse social outcomes
of ADHD (de Boo & Prins, 2007). However, there is little research on early indicators of ADHD
in children with FXS. Play behaviors in children with FXS are another understudied area with a
lot of promise for future intervention strategies given that play complexity and toy diversity
differ in children with FXS compared to TD matched controls (McDuffie et al., 2015).
The current project aims to explore the association of play behaviors and heart activity in
young males with FXS to later ADHD-associated attention problems. One of the goals of this
research project is to better understand the link between heart rate activity and behavioral
manifestations of hyperactivity, impulsivity, and inattention. A more complete understanding of
biobehavioral markers and their potential use as early indictors of ADHD symptoms is important
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in the development of intervention strategies for ADHD in young males with FXS and ADHD. I
intend to examine these relationships through these research questions:
1. Does play behavior, measured by the total number of toy switches and the total number
of novel toy switches, during a free play task differ among 12-month-old males with FXS
in comparison to 12-month-old TD males?
2. Does play behavior, measured by the total number of toy switches and the total number
of novel toy switches, during a free play task correlate with later ADHD-associated
attention problems in 12-month-old males with FXS?
3. Does heart activity, as indexed by RSA, during a free play task at 12 months of age
correlate with later ADHD-associated attention problems in either males with FXS or TD
males?
I hypothesize that there will be an increased frequency of toy switches, both novel and total
number of switches, in males with FXS compared to TD males at 12 months of age. I also
hypothesize a decreased vagal tone quantified by decreased RSA during play in 12-month-old
males with FXS. I predict that children with decreased RSA and decreased novel toy interaction
during uninterrupted play will exhibit increased ADHD-associated attention problems at school
age.
Methods
Participants
Participants included 17 males with FXS and 26 TD males, serving as the chronologically
age-matched control group. FXS diagnosis was confirmed through genetic testing. Participants
were drawn from a larger longitudinal study on the early development of infants with FXS (PI:
Roberts). The current study utilized male participants because they tend to have more severe
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ADHD and FXS phenotypes. Participants were included if they had play behavior observational
data, a parent reported behavior assessment, and a developmental assessment (2 TD children did
not have the developmental assessment at the later time point due to loss to follow-up), with a
subset of 7 males with FXS and 17 TD males with heart activity data during the play behavior
task. TD infants were excluded from the study if they had a family history of ASD or if they
were later diagnosed with ASD through the larger study. Detailed participant characteristics are
included in Table 1.
Table 1
Mean Descriptive Statistics of the Participants in the Current Study

n
FXS

17

TD

26

Chronological
Age at T1
(in months)
12.93
(SD = 0.92)
12.21
(SD = 0.40)

CBCL
Chronological AttentionAge at T2
Based
(in months)
Raw Score
57.88
5.94
(SD = 9.71)
(SD = 2.38)
56.16
2.04
(SD = 9.62)
(SD = 1.95)

MSEL Early
Learning
Composite
Score at T1
69.71
(SD = 14.62)
100.89
(SD = 12.51)

MSEL Early
Learning
Composite
Score at T2
51.29
(SD = 4.24)
95.79
(SD = 19.71)

Measures
Play Behavior
Play-based behaviors were coded during the Arc of Toys task during the Laboratory
Temperament Assessment Battery (LabTAB; Goldsmith, Reilly, Lemery, Longley, & Prescott,
1999). Arc of Toys is a measure of free play where the child is allowed to engage in
uninterrupted play with a standardized set of toys. The child-driven task allows observers to
record and assess intrinsic play behavior void of parent interaction or external stimuli and
provides a valid observational measure of inherent play behavior. The Arc of Toys task was
administered by trained research specialists in either the child’s home or in the lab in accordance
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to the LabTAB manual developed by Goldsmith (Goldsmith, Reilly, Lemery, Longley, &
Prescott, 1999). During the task, the child was allowed to play with a preset group of toys in
whatever manner he or she chose. The toys consisted of an airplane, an alligator, a xylophone, a
ball, a basket of plastic food items, a small bowling set, a dinosaur, a fire truck, pounding balls,
and a rainmaker arranged in a semicircle around the child. The examiner began the task by
placing the child in front of the toys and saying “Look at all these neat toys. You can play with
them all by yourself however you want.”, while simultaneously turning over the rainmaker. The
child was left to play with the toys for five minutes. If the child went off task or remained
unengaged for an extended period of time, the examiner said, “Let’s play with these toys now”
and turned over the rainmaker. The examiner was allowed redirect the child a maximum of three
times during the five-minute assessment. The child wore a heart rate monitor during the task to
collect heart activity data. The Arc of Toys task was video recorded and coded offline by a
trained research assistant.
The child’s play behavior was coded in Noldus Observer XT (version 10.0, Noldus
Information Technology, Leesburg, VA, USA) software using frequency codes. Once the
examiner cued the beginning of the task, behavior was coded by toy name each time the child
interacted with a toy or any combination of the toys. If the child was unengaged with the toys
when the examiner began the task, the behavior was coded as “latency”. Additionally, if the child
exited the camera view the behavior was coded as “obscured”, and if the child was not
interacting with any toys the behavior was coded as “unengaged”. Redirections were also coded
as “first redirection”, “second redirection”, and “third redirection”. Once all of the video
assessments were coded, the data was extracted from Observer XT and analyzed. Behavioral
coding was completed by a trained research assistant who established initial reliability with a
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master coder by obtaining 80% on three consecutive videos. In order to maintain reliability, 20%
of the videos were coded by the master coder, with a Cohen’s kappa coefficient of .91.
ADHD Symptom Severity
The Child Behavior Checklist (CBCL) is a parent-reported assessment of child behaviors
that screens for emotional, behavioral, and social problems (Achenbach & Rescorla, 2001). The
CBCL assesses emotional and behavioral problems in children and adolescents across seven
syndrome scale scores, a DSM-orientated scale with five categories consistent with DSM ADHD
diagnostics categories, and three summary scores (Achenbach & Rescorla, 2001). The attentionbased scale raw scores were used to assess ADHD-associated attention problems.
The parents rated descriptions of the child’s behavior on a Likert scale (0= “Not True,”
1= “Somewhat or Sometimes True,” or 2= “Very True or Often True”) and the scores were
totaled for one cumulative score. The CBCL attention-based score reflects the number of items
endorsed in that particular section. Accordingly, a higher score was more indicative of severe
attention problems (Achenbach & Rescorla, 2001). The CBCL has shown high reliability and
validity among symptom rating and psychological diagnoses (van der Veen-Mulders, Nauta,
Timmerman, van den Hoofdakker, & Hoekstra, 2017; Warnick, Bracken, & Kasl, 2008).
Developmental Level
The Mullen Scales of Early Learning (MSEL) is a standardized assessment that measures
cognitive and motor development in children between 0 and 68 months of age across five
subscales (Gross Motor, Visual Reception, Fine Motor, Expressive Language, and Repetitive
Language; Mullen, 1995). The Early Learning Composite (ELC) score was derived from all
domains except the Gross Motor domain at both time points in this study.
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Heart Activity
Heart activity was recorded during the Arc of Toys free play in 12-month-old males with
FXS and TD 12-month-old males. ECG data from the Arc of Toys free play task was recorded
with an Alive Wireless Heart Monitor (Alive Technologies, Copyright 2005–2009) at a 300 Hz
sampling rate. The raw heart activity data was visually processed with CardioEdit software to
correct false heart periods or artifacts (Brain-Body Canter, 2007). The data was then bandpass
filtered to account for variation associated with spontaneous breathing patterns, and then
transformed to its natural logarithm to extract an estimate of RSA in the CardioBatch software
(Brain-Body Canter, 2007). The average RSA for the Arc of Toys free play task, averaged over
30 second epochs, was used for analyses.
Procedures
As a part of a larger longitudinal study conducted by the NDD Lab (PI: Roberts)
examining children with FXS and their TD counterparts, participants were followed from
infancy to early childhood with regular, annual assessments. At each visit, the participants
underwent a battery of assessments administered to lab standards by trained research staff. For
the purposes of the current study, two time points were examined based on available data. Time
point 1 (T1) includes play behavior and heart activity data from the Arc of Toys task at 12
months of age and MSEL scores at 12 months of age. Time point 2 (T2) includes CBCL and
MSEL scores at 60 months of age. If data for T2 was not available at the 60-month assessment,
the next closest assessment was used.
Analytic Approach
The statistical software SPSS 25 was used for all analyses. An analyses of variance
(ANOVA) was used to ensure that the FXS and TD groups were chronologically age matched.
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Groups did not differ on chronological age between children with FXS and TD children at T1,
F(1, 41) = 3.00, p = 0.772, or at T2, F(1,41) = 0.45, p = 0.505. There were significant differences
in cognitive level at T1, F(1,41) = 55.85, p < 0.001, and T2, F(1,39) = 83.33, p < 0.001, and in
ADHD-associated attention problems, F(1,41) = 34.53, p < 0.001, between males with FXS and
TD males
In order to evaluate question 1, an Analysis of Covariance (ANCOVA), with MSEL ELC
score as a covariate to account for the differences in cognitive ability, was performed to examine
group differences in the total number of toy switches and the total number of novel toy switches.
For question 2, a Pearson correlation was used to examine the relationship between play
behavior at T1 ADHD-associated attention problems at T2. Lastly, for question 3, a Pearson
correlation was used to examine the relationship between heart activity (i.e. RSA) and ADHDassociated attention problems at T2.
Results
Group Differences in Play Behavior
An ANCOVA was used to determine group differences in the total number of toy
switches and the total number of novel toy switches between infants with FXS and TD infants.
Developmental level was included as a covariate for both analyses. There were no significant
differences in the total number of novel toy switches between infants with FXS and TD infants,
F(1,40) = 0.40, p = 0.533. Secondly, there were no significant differences in the total number of
toy switches between infants with FXS and TD infants, F(1,40) = 0.22, p = 0.639.
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Table 2
ANCOVA Analysis of Group Differences in Toy Play Behavior of FXS and TD Groups at 12months-old
Total Number of Toy Switches
Average
FXS 14.53
TD 13.73

Standard
Deviation
10.78
9.57

p-value
0.639

Total Number of Novel Toy
Switches
Standard
Average
Deviation
p-value
4.88
3.00
0.533
5.46
2.30

Correlation between Play Behavior and Attention Problems
A Pearson correlation was used to examine the relationship between play behavior at T1
and ADHD-associated attention problems at T2. There was not a significant relationship between
the total number of novel toy switches and ADHD-associated attention problems in either
children with FXS, r = -.32, p = .217, or TD children, r = .12, p = .557. Furthermore, there was
not a significant relationship between the total number of toy switches and ADHD-associated
attention problems in either children with FXS, r = -.28, p = .275, or TD children, r = -.15, p =
.479.
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Figure 1
Total Number of Novel Toy Switches Correlated to Attention Problems in (a) 12-month-old
males with FXS and (b) TD 12-month-old males
(a)

(b)

(a) Correlation between play behavior, indexed by the total number of novel toy switches during
the Arc of Toys free play task, and CBCL attention-based subscale scores in males with FXS. (b)
Correlation between play behavior, indexed by the total number of novel toy switches during the
Arc of Toys free play task, and CBCL attention-based subscale scores in TD males.
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Figure 2
Total Number of Toy Switches Correlated to Attention Problems in (a) 12-month-old males with
FXS and (b) TD 12-month-old males
(a)

(b)

(a) Correlation between play behavior, indexed by the total number of toy switches during the
Arc of Toys free play task, and CBCL attention-based subscale scores in males with FXS. (b)
Correlation between play behavior, indexed by the total number of toy switches during the Arc of
Toys free play task, and CBCL attention-based subscale scores in TD males.
Correlation between RSA and Attention Problems
A Pearson correlation was used to determine the relationship between heart activity at T1
and ADHD inattention problems at T2. There was not a significant relationship between RSA
and ADHD-associated attention problems for children with FXS, r = -.32, p = .489, or TD
children, r = -.28, p = .280.
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Figure 3
RSA Correlated to Attention Problems in (a) 12-month-old males with FXS and (b) TD 12month-old males
(a)

(b)

(a) Correlation between heart activity, indexed by RSA, and CBCL attention-based subscale
scores in males with FXS. (b) Correlation between heart activity, indexed by RSA, and CBCL
attention-based subscale scores in TD males.
Discussion
The present study sought to identify early indicators of ADHD symptoms, particularly
inattention, in children with FXS by examining play behaviors and heart activity. In order to
assess the research aims, toy interactions and heart activity data, indexed by RSA as a means to
quantify PNS activity, were examined to gain a better understanding of the concurrent external
and internal emergence of hyperactivity, impulsivity, and inattention in infants with FXS. Data
was collected at two time points, infancy (i.e. 12 months of age) and school aged (i.e. 36, 48, 60,
or 72 months of age, depending on available assessment data), in an attempt to correlate play
behavior and heart activity data to later ADHD-associated attention problems. Although there are
considerably high rates of ADHD in children with FXS, the interacting effects of these comorbid
disorders is vastly understudied. Identification of early biomarkers of ADHD is crucial to early
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diagnosis and thus early intervention in order to mitigate the adverse effects on social
functioning in affected individuals.
The results show that both groups, males with FXS and TD males, differed significantly
in cognitive level and ADHD-associated attention problems, but not in chronological age. These
findings are important because they confirm that the groups were appropriately age matched, yet
the males with FXS exhibited more severe cognitive deficits compared to the TD group. The first
hypothesis, there will be an increased frequency of toy switches, both novel and total number of
switches, in FXS males compared to TD males at 12 months of age, was not supported. There
were no significant differences in the total number of novel toy switches during the Arc of Toy
task between infants with FXS and TD infants. Secondly, there were no significant differences in
the total number of toy switches during the Arc of Toy task between infants with FXS and TD
infants. Nevertheless, infants with FXS interacted with a greater number of total toys but showed
less diverse toy play than TD infants at 12 months of age during the free play task. These
findings are in accordance with other studies that emphasize play diversity is a more robust
assessment of play behavior in developmentally delayed because it expresses flexible and varied
play (Lifter et al., 2011; McDuffie et al., 2015; Thiemann-Bourque et al., 2012). Furthermore,
play differences should be examined in light of both a delayed development of play behaviors
and if developmentally delayed children even possess the prerequisite skill set to produce
developmentally appropriate play behaviors (Kasari, Chang, & Patterson, 2013). The
insignificant nuances in play behavior between the groups might suggest that at 12 months of
age, infants have not yet gained the coordination and motor skills to exhibit full expressions of
play behavior.
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The second hypothesis, decreased number of both total and novel toy switches in male
infants with FXS at 12 months of age will be correlated to later ADHD attention symptom
severity, was not supported. There was not a significant relationship between the total number of
novel toy switches and ADHD inattention problems in either children with FXS or TD children.
Furthermore, there was not a significant relationship between the total number of toy switches
and ADHD inattention problems in either children with or TD children. However, the crude
results still stand that infants with FXS produced more toy interactions (i.e. more over all toy
switches) but displayed less toy diversity (i.e. less novel toy switches). These findings are in
accordance with studies done by Lifter et al. (2011) and Thiemann-Bourque et al. (2012), which
demonstrate children with developmental delays often produce less diverse play behavior (Lifter
et al., 2011; Thiemann-Bourque et al., 2012). Furthermore, children with ADHD engage in more
frequent toy switches compared to their non-ADHD peers suggesting hyperactivity and
inattentive behaviors influence play activity (Handen, McAuliffe, Janosky, Feldman, & Breaux,
1998). While the crude results offer differences between the groups, their insignificance might
suggest that simply quantifying play interactions is not an adequate enough evaluation of ADHD
inattention associated behaviors. More comprehensive and robust measures of play behavior,
such as functional play or emotional response to play, might provide more insight into the
emergence of ADHD associated behaviors. Lastly, this study examined ADHD inattentive type
problems on the CBCL assessment, but examining combined ADHD or hyperactive-impulsive
type ADHD might provide more insight into the external expressions of ADHD in children with
FXS. Impulsivity, a core temperamental tenet of ADHD, is a stable predictor of ADHD in school
aged children and can lead to poor social functioning without intervention. Temperament
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emerges early and is relatively stable throughout childhood; therefore, it can give reliable insight
to early emergence of ADHD (Grefer, Flory, Cornish, Hatton, & Roberts, 2016).
The third hypothesis, decreased RSA values during a free play task in 12-month-old FXS
males will correlate to later ADHD attention symptom severity, was also not supported. There
was not a significant relationship between RSA and ADHD inattention problems for children
with FXS or TD children. The crude results did however show that the FXS group did have a
lower mean RSA compared to the TD group during the free play task, but these differences were
insignificant. The general findings follow evidence in other studies that children with FXS are
characterized by a decreases vagal tone from decreased parasympathetic activity (Heilman et al.,
2012; Roberts et al., 2000).
The autonomic dysregulation found in children with FXS contributes to decreased social
functioning due to hyperactivity, reactivity, and defensive behaviors (Hall, Lightbody, Huffman,
Lazzeroni, & Reiss, 2009; Heilman et al., 2012; Roberts et al., 2000). Examining RSA during a
neutral task is important in determining baseline autonomic function, and thus can be predictive
of how these children might physiologically react in various situations. Parasympathetic activity
in children with ADHD and FXS, separately, show interesting patterns. In a study done by
Tenenbaum et al. (2019), children with ADHD in a neutral task condition, similar to the Arc of
Toys free play task in the present study, exhibited augmented RSA. In other words, they showed
greater RSA when compared to their TD counterparts (Tenenbaum et al., 2019). These findings
are contradictory to other studies, which revealed that children with clinical and at-risk diagnoses
of ADHD had significantly lower absolute levels of baseline RSA compared to their typically
developing counterparts (Beauchaine et al., 2013; Beauchaine, Katkin, Strassberg, & Snarr,
2001; Graziano & Derefinko, 2013; Morris et al., 2019). For children with FXS, studies show
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they have less vagal input, or decreased RSA, during a baseline state, meaning the child is
physiologically ready to mobilize (Heilman et al., 2012; Roberts et al., 2000). Taken together,
research from previous studies and the insignificant results from the present study paint an
intricate and variable function of vagal tone (indexed by RSA) in both ADHD and FXS.
This study is one of the first to examine biobehavioral manifestations of ADHD in infants
with FXS. Studies have shown that early diagnosis of ADHD is important in the development of
school aged children (Tandon, Si, & Luby, 2011). Furthermore, children with inattentive type
ADHD show decreased social functioning (Gadow et al., 2001). In this study, neither play
behaviors nor heart activity proved significant in correlating later ADHD-associated attention
problems suggesting that these measures in infants may not be predictive biomarkers of
inattentive type ADHD in children with FXS. The largest limitation of this study is the small
sample size. With more participants, the results would have more statistical power and better
assess the project aims. Another limitation is the wide range of ages evaluated at T2 which may
act as a confounding factor. In order to provide more power, participants examined at T2 should
be assessed at the same chronological age. Future studies should also evaluate RSA withdrawal,
the difference between RSA at baseline and during an emotion eliciting task, to assess dynamic
PNS function of children with FXS. While this study used a TD control group, assessing children
with FXS alongside children with other NDDs that exhibit ID, such as ASD, will help determine
if the behaviors are due to the specific disorder, or another phenotype, such as global
developmental delay, seen in NDDs. Lastly, when evaluating play behaviors, older participants
might exhibit more informative and dynamic behaviors, and thus would be more appropriate
when assessing attention problems. Studies have also shown younger children are still
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developing their ability to sustain attention over time, meaning that infants might not be the best
observation group for determining attentions associated problems (Egger & Angold, 2006).
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